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ABSTRACT 

Daily doses of 30 mg of primaauino cause severe hemoly 
sis in G6PD deficient Caucasians. Effective weekly dosages of 
4!> mg of priraaquine and 300 -mg of chloroquine do not cause s_i 
gnificant hemolysis in G6PD deficient Negroes. In order to in- 
vestigate the upper limits of safety to primaquine, the effect 
of this standard weelcly dose on G6PD deficient Caucasians was 
studies. Seven sensitive Sardinians had significant hemolytic 
crises after a single weekly administration of the drugs. There 
was a drop in the hematocrit, a shortened survival of 51Cr 
tagged red cells, with an average destruction of 400 ml of 
red cells. GöPD deficient 51Cr tagged red cells belonging to 
some of these subjects transfused into normals, receiving the 
reafter weekly doses of primaquine, were rapidly destroyed, 
convalidatlng the sensitivity to primaquine. Three G6PD defi- 
cient^Sardinians did not show any hemolysis after Ingestion 
of weekly doses of primaquine. Their red cells, however, 
transfused into normals, who r ccived standard weekly doses 
of antimalarial-drugs, were also rapidly destroyed. Investiga 
tions should establish if environmental factors (faulty absor 
ption of primaouine, different metabolic breakdown of the drug) 
or metabolic differences in the 66PD deficient red cells are 
responsible for this peculiar behavior. As far as the protectLve 
role of SH donor drugs is concerned, preliminary clinical stu 
dies have failed to show any significant protective action oT 
these drugs. 

The apnarent in vitro protective obtained by preincuba 
ting normal   'act red cells with cysteine or  cysteamine prior 
tc the cxp     f the cells tc NEM, c uld possibly be ascribed 
to chemic;..  reactions between the twe compounds. 



Aims 

The antimalarial action of primaquine is well-known: 
daily doses of 30 mg hpvo  a uniaue ability in preventing and 
treating malaria. This therapeutic action has usually no 
side effects, with the exception of Negroes and Caucasians 
with red cell <}6PD deficiency.• In G6PD deficient Negroes the 
daily administration of 50 or 15 mg of primaquine induces a 
seif-iiraited hnmolytic crisis (1). In G6FD deficient Cauca- 
sians the problem is somewhat different: the enzymatic defect 
of the red cells being tiiorc severe, the daily administration 
of 30 mg of primaquine induces serious hcmolytic episodes in 
which old and young red cells are destroyed. (2) The hemo- 
lytic ability of priraaauine on G6PD deficient Negroes has 
stimulated some investigntors to study if weekly dosages of 
the antimalarial drug could nullify its hcmolytic side effect. 
On-this assumption Alving and associates (3) have worked out 
a therapeutic scheme of weekly dosages of 45 mg of primanuine 
and 300 rag of chlcroouine which, while still preserving an 
effective antimalarial action, had little if any hemolytic 
effect on G6PD deficient Negroes. The absence of clinical 
signs of hemolysis when using the above-mentioned doses of 
prlmacuine and chloroquine has been confirmed by Ziai and 
Eowmann on Iranians. (4) Their study, however, was based 
essentially on the determination of the hematocrit level on a 
monthly basis, and on the presence or absence of evident cli- 
nical signs of hemolysis. 

It was thought worthwhile, therefore, to undertake an 
investigation on the action of weekly dosages of primaquine 
and chloroquine on G6PD deficient Sardinian males who, as 
already stated, have an extremely severe deficiency of the 
red cell enzyme, and whose greater susceptibility to antimala 
rial drugs has already been ascertained. 

In "vivo" studies on the possible protective effects 
of sulphydril donor drugs or EDTA on sensitive Sardinians and 
on G6PI) deficient red cells transfused into normal recipients 
who received thereafter antimalarial drugs, were also under- 
taken.  Collateral investigations on the action of these pro 
tective drugs on NEM damaged normal red cells "in vitro" were 
performed in order to better understand, if possible, the re- 
lationship between oxidizing drugs, normal er G6PD deficient 
red cells, and SH donor compounds. 

Methods and Materials 

Laboratory studies 

Hem-itocrit, hemoglobin ;.nd blood group determinations 
were performed according to standard procedures. 

Red blood cells were tagged with radioactive sodium 
chromate according to the technique of Mollison and Veall. (5) 
The radioactivity of the blood samples was measured in a well 
scintillation counter. 

Erythrocytic G6PD v/as measured according to the method 
of Kornbcrg and Horecker. (6)  SH groups were determined by 



.the method of Beutler c..nd e.ss. · (ll) G6P: Na salt', t NADP Na 
sal~s were prepar$tions -of Boehringer & Co. . . 

~and PTT (Clealand's reagent) were prepared by 
JC & K Lab. 1 • t 

L-cysteine and cyste~ine - were prepared by PLUIA. 
EDTA was prepared by c. Erba, . Milan • . ·. 
Clinicai studies · 
(1) Ten Sardinian males ·with G6PD deficiency of their 

red cells, and four Sardinian males w1 tl§ut red cells· abnol'ID5 
lities volunteered for these studiea.eir red cella were 

· tagged with 51Cr and after-the baaeline aaaeaament of the red 
cell sUrvival, both normal controls and G6PD deficient Sardi
DiPns rec~ived one or more weekly doses of 45 me of primaquine 

- and '00 mg ot chloroquine. Theae .wer~ the standard doses used 
throughout this .study if not othe~ise ato.ted. I 

• J (2) G6PD .deficient r ed cells belonging to 9 Sardinian 
·males, tagged with 51Cr, were transferred into normal subjects 
with compatible blood groups. The recipients received there
after, weekly dosnges of primaquine nnd cbloroq_uirie ( 45 mg and 

~ 300 mg) once the baseline survival of the transfused G6PD defi 
.£.Clent r(;!d cells ho.d be£n assessed. -

: (3) Normal recipients, in whom 51Cr tagged, G6PD defi
cient red cella · had been tranatuaed, received before, during, 
~d after t~c weekly a~ministration of the antimalarial drugs, 
1-cysteine, cysteamine ·or EDTA. 

L-cysteine was administered in daily oral doses 
Cysteamine was given perenterally in ·da.ily doses of 
~A .~s administered intraveno~sly in daily doses of 

of 1 gm 
600 mg. 
2 gm. 

ResUlts 

'clinical Studies 
· ( l) Three·· normal S .rdiniRns, without r ed cell G6PD 

deficiency, r eceived 3 wee~ly dos~es of primaQuine and chloro 
quinc (45 and 300 _mg respectively). No ·hemolysis was observea. 
The survivAl of their 51CT 'tagged red cells was 28, 22, and 27 
days (fig. 1). I • 

· (2) · Seven out t en G6PD deficient Sardinian males, trea 
t ed with the stari~ard ' do sage of antimalnrial drugs, had defi-
nite hemolysis, which could be evaluated both by 51Cr tagged 
r ed cell survival and chnnge in the l evel of the hematocrit 
(fig. 2 ~ 3 - 4 ·~ 5 - ·6· - 1 - 8). In only one case (C. A.) the 
disappearf'~Ce of the 51Cr tegged r ed cells from the circulation 

_ was not accompani ed by significant changes in the l evel of the 
heme.tocri t (fig. 5). ·In ·thea seven cases the primaouine-chlo 
roquine prepe.r r:.t ion wus administer ed only once in three cnses-; 
twice in three oases, end three times in one case . 

· (3) In three G6PD defici-ent Sardinian mnl s r epeated 
weekly administrations of primaauine-chloroQuine (45 mg and 
300 mg ) didn't produce nny r ed cell destruction which could be 
evaluat ed by changes in hematocrit or 51Cr t agg d r ed cell sur 
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vival (fi~. 9- 10- 11). · . 
C4J In ~he eeven . Sard~!l:ian males who developed hemo

lysis, the mean . survival of the 51Cr tagged red cells before 
the administration of the an~ime.larial drugs, wa.s ···21.8 days 
(table 1). Is . only one case the 51Cr T/2 was 12 days although 
the hematocrit level was norBal• After the administration of 
the primaquine-chloroquine preparation (45 mg · and~OO mg), the 
mean 51Cr T/2 of all seven cases was- e.-7 days; · .. The mean per
centage of all red cellahemolyzed was 19 perce~t i~ calcula
ted on the hematocr~ t . levels, and 24 percent if c'alc·ulated: on 
51Cr survival datar.-Tbe amount of red cells destroyed in the 
hemolytic crisis in th~ee cases in which the red cell mass 
could be calculated was 450' ml (S.A.), 390 ml·(F.U .• ), and 350 
ml (M.P.). One G6PD jeficient Sardinian male (F.U.) received 
twice a single weekly dose of pri~aquine-chloroquine (45 mg 
and 300 mg) (fig. 7}, the first dose being administered toge
ther with EDTA intravenously, the :second one with 1-cysteine 
orally. Each time the antimalarial .drugs have caused ·hemoly
sis with a 51Cr half life, comp~red · to that of the other su
sceptible cases recei.ving the . same dosages of antimalarial 
drugs. . · · 

(5) , G6PD ' deficient red cells to be transfused into nor 
mal recipients who received · . pr~maauine, were drawn from sensi
tive Sardinian males b~longing to the following groupe: -
a) .G6PD .deficient Sardinian males who were susceptible to the 
drug (point 2); b) G6PD defic~ent subjects who did not show 
any hemolysis after receiving the weekly dosage of primaquine 
(point 3}; c) G6PD deficient subjects who were not treated 
with primaquine • · . 

In all normal recipients (table 2, fig. 12) the admi
nistration of the primaquine chloroquine preparation caused a 
clear-cut shortening of the survival of the transfused, . sensi 
tive red cells. ~ean red cell survival during the baseline -
period was 21.2 days; after administration it decreqsed to a 
mean value of 7.1 days. After a mean period of hemolysis of 
4 days, the survival of the rema1ning tagged sensitive cells 
was normal or even longer 'than normal, probably owing to the 
destruction of the older cells. The mean percentage of the 
r ed cells hem lyzed was 31 percent. 

(6) . G6PD ' deficient red cells were transfused · into nor
mal r ecipients who r eceived EDTA, .cysteine or cysteamine, be
fore ?nd during the ad~inistrati on of the standard dose of nn
timn.larial drugs. No clear-cut modification of ·the hemolytic 
action of primaauine could be observed i n th'ese cases . (fig. s· 
end 12). 

(7.) Normal red cells were dP.maged with BMHP-Hgl97 
(which inhibits the GSH groupe of the red cell surface) and 
transfused into the normal donors, s ome of whom·received intra 
venous infusions oftwo grams of · V1t. C. The infusions were -
b~gun twenty minutes before the injection of the damaged cells, 
~~d l asted f or a t least an hour~ · No difference in the half 
lif . of the damaged cells, with or without the administration 
c f Vit. C. cculd be observed. 
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~perimental Studies 
(i) . Investigations by Kirkman, Chung, and ass. (7- 8) 

have demonstrated that sulphyd~il inhibitors inhibit also G6PD. 
It was assumed therefore, that by· treatins normal red cells 
with NEM, it is possible to obtain red cells similar to G6PD 
a&ficient cells treated with oxidative drugs. The possible pro 

.ltective role of some SH-donor drugs (DTT, cysteine, cysteamine, 
end GSH) on such cells wns studied in vitro. The following 
results were obtainedi . 

a) NBI inhibits G6PD ~ctivity both in hemolyaatca and 
in intact normnl red cells. (table 3) 

b) Preincubation of red ·cell hemolyaatea with DTT, 
cysteine, · or GSH pr~aervea th~ G6PD activity from REM's inhi
bitory notion. : (table 4) On ·the contrary, once the inhibition 

· Of G6PD activit~ by Nil was established, DT! waa unable to 
__ restore the· ,en~~atic activity. (table 5) . 
· · . c) P~ein·cubation of normal intact red cella w1 th cyatei 

ne prev~ntcd t~e :. irihibitory action of "RIM. On the contrary, -
once ~he inhtb'11:i·on ·by NEirl of G6PD activity of the intact no! 
mal cells ~ :es-tabl~ahed, the subsequent A.ddi tion of cyat.eine 
or CJsteamine , wna · ~ble to r estore the enzymatic activity of 
the c.ells. ('table 6) · .: . 

(2) Red ~ells of normal rnts incubated with NEM and 
tasged ... with 51Cr, were transfused into the animals, a group of 
whic~ was previously· injected with 500 mg of Vit. Cor 50. mg 
ct. . cys.teine. " 1/;fter 20 hoUrs ·the· rats were sacrificed and the 

. radioac.tiv' ·1;y .o1' the spleen, the liver, heart, lungs·, and ca! 
ease was me~~ed. ~reliminary results do not show signifi
cant differenc·ee in . 'ttiG distribution of radioactivity between 
treated and ; ilntreA.ted nnimals. . : ... 

Discussion 
These studies suggest that in the greater pA.rt of G6PD 

deficient Caucasians, the administration of single weekly dos! 
ges of 45 mg of prim~ouine and 300 mg of chloroQuine induces 
destruction of r ed cells, with changes in the hematocrit l evel, 
bilirubinemic , (md r eticulocyte number. 

The severity of the hemolytic crisis differs among the 
aensi ti ve sub;i eta: oome of 1tlem shnwed a malttecl h emolysis with a SE!! 
sible drop in the hemat ocrit l evels. In three cases the 
amount of the r 0d cell mass destr yed hne been calculAt ed t o 
be Rbout ~JO ml. 

Transfus i ons of G6FD defici ent r ~d cells, bel onging t o 
this group of subjects or t o other s ensitive Caucneiane, into 
normal r ecipients r eceiving th r eafter one or ~or singl e 
weekly dos t= s of priiDAouine , h. ve b en perfon:ted. The suscepti 
bili ty t o heme. lysis of C!l.ucaAians t o standard weekly doses of
antimal arial drugs w~ e f ully convalidatcd also from a quantita 
tive point of view. In s ome r cipients repeat ed administra- -
tiona of weekly doses of 45 mg of primnquine caused r ed cell 
destruction at each ingestion. 

' 



Wc-ckly doses of primaquint didn't cause any change in 
survival of 51Cr tagged red cells or in hematocrit levels in 
three aot of ten GöFD deficient Caucasian males. The peculiar 
behavior of these three subjects may be pessibly related to: 
a) faulty absorption of the single dose of priraaquinc; b) dif 
ferent metabolic breakdown of the drug; c) a different motabc 
lie pattern of the GGPD deficient rod cells of these subjects. 
The red cells of two of these same subjects, when transfused 
into normal recipients whe received 45 or 60 mg of primaquine 
per week, underwent a significant dtstruction.  This fact 
would suggest the possible existence of environmental factors 
rather than metabolic differences' of the red cells. 

Investigations are in progress in order to possibly 
elucidate this problem. 

The results here reported are similar to those descri- 
bed by George and ass. (9) These authors have described hemc 
lytic crises following the Ingestion of a single 45 mg tablet 
of primaciuine in two G6PD deficient Caucasians. Two other 
Caucasians had ingested primaquine in weekly dosages for some 
months without developing hemolytic crises. These two latter 
cases seemed to behave like- our G6PD deficient Sardinians who 
received several doses of primaquine without developing hemo- 
lysis. 

Äsi f-r ;?s the possible protective role of'SH donor 
drugs is concerned, preliminary clinical studies have failed 
to show any significant protective action of these drugs. 

The apparent "in vitro" protective effect obtained by- 
incubating normal intact red cells with cysteine or cysteaminc 
prior to the exposure of the cells to NEM, could be ascribed 
to chemical reactions between the two compounds. (10) 

^^i 
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TABLE 2 

Studies· with 51Cr tagged ·red cells -belonging to G6PD deficient S~diniane, 
transfused into normal recipients 
.. 

No~ · Cases · Baseline 51Cr ·T/2 after · Duration of R.b.c. hemolyzed 
51Cr T/2 ·.primaQuine hemolysis percent calculated 

(days) (days) (days) from 
51Cr T/2 Ht level 

1 la 16 6 5 31 19.5 

2 lb 28 10 

3 3n 16 3 3 46 15 

4 3b 22 9 

5 3c 16.5 7 

6 6a 17 7 4 21 · n.d. · 

1 .. 6b 18 9 

8 7a 22.5 1.5 2 68 48 

9 - 7b - 23 -· 3.5 4 45 • n.d. 

10 - 8n. 0 

11 8b - 17 -· 10.5 9 31 n.d. 

12 8c 20 9 

13 lOa 23 5.5 3 25 40 

14 L.E. a 16 4 2 8 n.d. 

15 b 26.5 10 5 18 40 

. 16 c 22.5 9.5 4 16 48 

17 e.G. a 21 10.5 

18 b 21 3 3 48 n.d. 

19 c 34 10 4 20 24 

0 30 mg twice 
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TABLE 1 

51Cr red coll survival studies in ten G6PD deficient Sardinians 

No.   Name    Baseline   51Cr after Duration of R.b.c. hemolyzcd 
51Cr T/2   primaquine heraolyais percent calculated 
(days)    ' (days) (days) from 

51Cr T/2 Ht level 

10.5 9 33      16 

10 _ _       _ 

7 6 30      29 

11.5 - -       - 

7.5 - •   -       20 

7.5 4 20      15 

7 2 18      - 

7 "3 19      16 

24 •   - -       - 

21 _ _       _ 

21 ■    - -       - 

1 C.P. 29 

2 P. G. M. 18 

3 S. A. 24 

4 C. A. 28 

5 F. G. 12 

6a P. U. 19 

6b ii - 

7 M. P. 23 

8 G. L. 24 

9 C. I. 21 

10 N. G. A. 21 

J 
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TABL V    7 

G6PD activity in  normal  r.b.c.  heraolysates  and  in intact   (0)  normal 
r.b.c.  after incubation with different conccntraticns of NEfil 

NEM pi/ml 

0 

0.05 

0.1 

0.25 

0.50 

1.00 

2.00. 

5.00 

10.00 

G6PD activity percent 
hemolysnte        intact r.b.c, 

100 

82 

72 

19 

11 

0 

/ 

/ 

/ 

100 

/ 

/ 

/ 

78 

65 

30 

0 

■0 

(0) After incubation of the intnet r^d cells with NEM at 370C for 
17 m', "ctivity wrs determined .n the homolysate 

^i'.RLE 

CT6FD activity in normal  r.b.c:.   hoTlysrt^s  incubated with 0.5 um/ml 
of Nem,   'nd with OTT or cystcandn^   in various concentrations 

DTT or cysteamine 
concentrations 

um/ml 

0.5 

1 

2 

5 

10 

50 

G6PD activity percent 
in the pn sence in the   presence 

f DTT of cystuamint 

B8.5 

/ 

80.5 

101.0 

97.1 

/ 

4 3 

55 

61 

75 

100 

80 
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TADLE  5 

GGi'D  activity of normal rod coll hemolys-atcs,   preincubated with N^il or 
DTT,   followed by the incubation of DTT or NEM 

Preincubation with:       G6PD activity        Incubation with:       G6PD activity 
percent percent 

NEM 0.5 p/ml 0.5 PTT       5 uin/nl 0.4 

PTT       5 vm/nl 101 NSM 0.5 )im/nl 98 

T. ELE 6 

G6PD activity of normal  intact  r.b.   culls preincubated with'NEM or 
cystoino   (at various concentrrtions),  followed by  incubation with 
cysteine   or NEM 

Preincubatit.n with:       G6PD activity Incubation with:       G6PD activity 
Percent percent 

+Cysteine  50 ym/rnl 0 

+NEM    5 pm/ml 16 .. 

+NEM    5 pm/ral 50 

5}iin/ml 70 

intact r.b.c. -f NEM 
5 }m/ml 

0.0 

intact r.b.c. + cysteine 
10 um/ml 

102 

intact r.b.c. + cyst cine 
15 um/ml 

109 

intact r.b.c. + cysteine 
30 um/ml 

112 

intact r.b.c. + cysteine 
50 ym/ml 

120 +NEM     5p/ml 123 
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tt . IU~I--TA"Y MOTII 11. I~OIIIO.IMO MI&..ITA .. Y ACTIVITY 

USA Medical R ' D Ca.a.Dd 
Main Navy Building 

I W&ahlngton, D.c. 20315 
, • . un•AcT tn order to inveetigate the upper limits or earety to prtm~ulae. the 
ertect, or ...ekl.7 atuadard doaes or 45 mg or prima1utne Uld 301' 118 or chloroquine 
oa G6PD deficient aucaelane vae atudied. Seven aenaittve Caucaat ... ba4 atcaitt-
c .. t beaol.71i• after a aingle veekly doee or the dru«• .. aaured by tbe cbaa«e tn 
tbe 51Cr t8««ed red cell aurvi val and in the hematocrl t level•. G6PD det'tctent. 
51Cr t~ red cell• belonging to some or theee aubjecta traaetuaed into normala, 
ncelvt~ thereafter weekly doses or primaquine, vere raptclly deetroyed. Three 
o6PD det'teteat Sardinian• did not ahov any hemo.lyah after laa•tloe or veeltly 
4aeea or prlaaqulne. Their red cella, however, truefuled into aoraala • vbo re-
celftd ,,..Jtly standard dole" or primaquine, vere also rapidly uetroyed • Inveat1-
.. tloaa ahoula eatabliah i f env11~nmental factors (faulty abaorptlaa or prtaaqutne. 
41ttenat metabolic breakdown of the drug) or metabolic dittereac• 1D tbe G6PD 
.. ttcleat red cella are responsible for this peculiar behavior. Aa tar u tbe 
protective role or SH donor drugs h concerned, prellaina17 clinical atu41e• bave 

·felled to • ov any algntricant protective action or tbe•e dru«•· 'l'be a,..._t !! 
yttro protection obtained by preincubating noraal lat. red cella vttb qatet .. 
or C78te.aine prior to the exposure or the cella to • could poaal\17 be 
•en bed to chemical reaction• between the tvo caapouau. _. 
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I. o.~Ga•AnNG ACTIVITY: 1-:nh•r th.:• n.o , • • ond ... 1.11,.. I h ), \'AILi\IUI.Il"\' 'LIMITATION NOTirt:s: fl t..1 .ny lion-
of tile ....-r«tot, •1'4M:ontractor . K• ·•nt o· · ·· O<>ra rtmt·nt .. 1 p, 11.,111 ,11 , ,,. ,,,.,.., . , (lt -. <•<'mnuoto .. n <J f ,..,. 4'••t'""'· nthet tholr~ thCl'4•• 
,__ ...etvit' or o th_. orn...,i z ,oti f• n (, " """' " " "''" ' l 1 ' I'"'•' 10 ,1 " ,, .. 1 I•\ •. •. , urot\ ,1,, -. 11 1t 11 ' '"""· ""'"t'. lltand.rd ,., .. t"""'t 
the~. II • I . .... 

2& RF..PORT s•::CUIITV LASSIFIC'ATION: Enh'r llw .. ,, ., . 
.el -.c:wtty classifkAt io n ••f t ho· rqH•rl. lndt<· .olo • wt ... th, , 
''R-tric:te-4 Date" i " anr h o N t. Ma rk 1111~ a · to lot• 111 ,1 , , rol
- wffh ....,toprlefC '<l'\' UTI I \ ' I • · a~ tl.ti H•!I ' , 

2b. GROUP: AU10tr1illk d wnrr .toftno• ' " ·1 ,.,.,f ,..,f "' 1), P 01 
r.c:ti- !'200.10 and Arm._>d F e• , , . ., ln<l" " '""' M.om1.11. I ••• •~ 
.... ~ " ......... Al»u. "'""" .. .., . , .. ·'" ' "· h th,ol ..... ....... , 
Martlifii:S h-t' '-.•It U ...J ft .. (orttttp oltl<f \~l<• llp -t ,,._ ol tt l h I• 
i~e-4 . 

l. RIIPORT TITLE: f:rtt c r tho· n >n pi <'I •• rt 'l'"rt till<• 111 .oil 
c:..,tt.e htt.ra. Tith' in .. 11 <·u , . ,. -. houl d tw unc ' ·' ltt .. ol . 
• • --illl'lful title ra~l l:w' s£·1~···t('lf wotho ut • l.t ' ' " . 
tio' -"ow title .cia Ktflcatlo n in nil .-,,pn .• l s u• P •"'' "th•·-. • 
""-diMel' followift« the tillc. 

4. DPCJfiPTIVE NOTt:S: If "l'l"!'f"'ae .-. ,. trr tl~<.• t 1'• ,.1 
ft'ltOI", e.a.. inter'-, procre , summlOr-\1 , annual, " ' ftn. •l. 
Giw the u.clusive det- when a p .. •,' ift ' "'"' ' onr JH"• "'' ' '~ 
rovend. 

S. AUI"HDII(S): E•rt tht· natnr'( ) • f .outh<u (s) U>< ~hoHHl • 

Of i• tile"""'"' F .. nU:r I• I .._.., f ir t n.am , mod<fl., ""' ' ·''· 
If tMIIeery, ahow '-*end branch o f s crvu:e . Tlw: n amo: c•f 
tlw priwr:ipel euthor is en ah oluto· min1mum r t>q\llr fi'•n•' nl. 

6. lti!:PORT DATE: Enl.-r I~ dat e nf lh<: ••1mrt rt.w . 
_ .. , ~-; Of _.h, year. If mort• tha n Nl<' da t• •tr'I•C·tr 
Oft tlile "'""'· ..e ... ., of publ kat ion. 

7e. 10TAL IIUWl•:tt OF PAGP..S: The tot I p .. ve nu nt 
....... follow _ .. p~hwlion prO<'edwe . ;. e., " '"' '' h ;> 
......., of~· cotll•hlina informati~n. 

7.. ~Of' REFERENC Enter tho• 1 1 I numb r o f 
..r-.-..cle..,'-tlilerepore. 

a._ COIITRACT 011 GRANT NU118 ' R: If appropnat o:- , ent._.,. 
the ..-lkMe -a..r oft~ contr 'I ~r r,rant ·und r whu· h 
t .......... writt .... 

... •• • W PllOJECT NUIIBE~: Enter the lippropriate 
•ililery .... _. i.._.ific .. ion, s u'-h :. prOJ t numbt"r, 
...... jed~ •• , .. ..,m-bft8, t ask numb T, h ' . 

9a. OIIIGUIATOR'S REPORT NUMRF:R(S): F:nt M the o ffi· 
ciel ,..ort -...her by which the docum nt will be id nt if i(•d 
...S c:ollltolle-4 by the or&«ineti~ tov lty. This numlwr mu 1 
... ulli.-e to thht rCIPOfl. 

96o. OI'IEit REPORT NU-ER(S): If the n>pon h as be-et 
•••ic-1 _, ot~ report nutllber ( .:rth.-r b)• th nrt/1~n01or 
w ... ..., .,.. or), aleo emer thi s numb('Y(t> . 
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" (. t,olt!H•ol f •' <ttk• .. h'f 'l 101 1\' <•Jt lllll o <tf'h•to nf thi 
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•·t· ''"·••·11 .uuH•ur·u •"'"• ' II' .• ntt d· ~ ~ (·nttn.ett('n n f th• ·• 
.. . ,, , ,, " ' Dlk · , ., " " ' .• uthoortl"<·<L" 

••t l, .\ li ' " ' r1une•n• ·••·•·n.·u• ~ m .ty "' " ·"u • 4"'f"• .. • ••f 
'"' " "1"''' tltro-.·tl y '"'m 01)('. Otht•r •tualif••·•l Ill If' ' 
U ~ • ·r·-.. ·~ h.tl I rt •ttttt""'· ' thtnth ' h 

11 \ t. ·. lnt 111 . tt)' · • ·•e•n(' lt"'• m,t\' nhf,un '-'Oili.- ~ uf thi· . 
1< '1'"'' oi n t•< II\ f"'"' l"lf)(', Utht ·r •lU·•Iilif'fl ., .,,., 
-.. h.•tl r• ·q u,u.t thtt-..th •h 

•• JJ fh •. t nluu tn n t' l ttu ~ t41•f 'l' l u •'•'lltrt•llcft. f.)li .t l · 
t foo of 1)1)(' II '"" • .. h ,oll rt •QUt"ll lhr• >ut ~h 

If tiM• rt'l'f'> rf h ,, ., l •t 'l' O f nrm •.lw of tu I h i · Offic~ nf Tt" ' ""' u l 
!'••n•t<·c•. D\'t>Rr l mf' nt o l Ct•mm•~ • " · lo r · ~olr t o tht! pub I it, in<h· 
, .1 , ... thi (act ' '"'' ••nt• ·r ttu:.. JHt l • ' · •f knn wn. 

I I. ~t PPI. EMt:Nl'AI<\' NOTt•:S: U ,. for a ,lohllonlll o•xp l. .u .o· 
l (• rv fKl lt.- ~ 

I . ~PONRORINC. MILITAW\' AC'n\'ITY: 1-. nl• ' r tho fl •n ot· n f 
th• df1J,.t1tn('nt .. l prOJO! · t ffi t' " ' l~eboralor "<J>f•n!'lutttti' ( ,. ,,,~ 
"' I r the rt' ,.,.ar ·h lind d t"vrl npmmt. lndud•• .. ddr• •1•· 

I I t\l l>;Tt-!.1\.CT· E1tlo ·r ,.,, ,,t. ,. r~wt ~t "' '"l' a ltttf•( tlll il 1. .. ttt.ol 
umm._.,,. r thf• tin, "'n••nt in•ti t·rttt \·r •tf th• · , . ..... ,, ' r•\ ,.., th ,,.. h 

l r ot\ ... ~,.., appe.u t · l ~ t'\\' ht·r t n tht • hurl\' f\ 1 tht· tt- r lu u c ... , , 
pu r If udt1a t innn1 "' P·'' ' '' ~ ~ r• ••tuir• •ff , a ,·n•l tin•ueti o n '· h• ·•·t 

"< h .• ll h<' •'''" ho•<l , 

It t ht1•hh cit · 1ruhl•• •hut t h,• .thhtue, f uf , · laA '''' '' ' , , . 
I" ~' ' ), ht) unr h t ~& f~t•tt F.H h p .•n •rr ·• t 'h ,f th•· ahtUrcer•t ~h.d l 
t·lfi , h h .... tn (fi ,)tinn n f thP 'i1 tlotf V t • ( ltlt V r · ht ~c:;, tft r . t iJ On 

n f 111' tofom .11 it•n in l i t• · l'll'·'t;raph . u • t•ro• o•nl •·•l 11 T~J ( S ) 
I C J. , r ( rt1 

Th,.. • i n n I•• uat inn nn th• · t•~•~th q f the-- oh ·; tra r t . tlnw 
\1 ' 1 , t h e 'til: l' " f o•o'l lo•nl'fh I (r p •l) I !-f) l u 2 >:; "or•l:<. 

14 . Kt-: \ ' IUlWr• .. K• ·v ""' " ,, ,. . N ' hni .olh ntc•anin,•fnf. '"' "'" 
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